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[57] ABSTRACT 

A?ber optic subassembly for a Faraday-effect current sensor 
has an optical sensing ?ber supported by a tubular holder in 
a square or rectangular con?guration, with the three of the 
four corners thereof designed with bends which have a net 
zero bend-induced birefringence. The bends are formed by 
providing two loops which have eifective angles of about 
90°, the two loops lying in orthogonal planes, such that the 
fast axis of birefringence in the ?rst loop is parallel to the 
slow axis of birefringence in the second 100p, and the slow 
axis of birefringence in the ?rst loop is parallel to the fast 
axis of birefringence in the second loop. In this manner, 
retardance accumulated in the ?rst loop is offset by retar 
dance accumulated in the second loop. If the loops are 
substantially identical, the offsetting of the retardance is 
e?ectively complete such that the bend exhibits negligible 
bend-induced birefringence. 

22 Claims, 2 Drawing Sheets 
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FIBER OPTIC CURRENT SENSOR WITH 
BEND BIREFRINGENCE COMPENSATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to Faraday effect, 

?ber optic current-sensors, and more particularly to an 
improved sensor which compensates for bend-induced 
variations, and a method for making such a sensor. 

2. Description of the Prior Art 
Optical ?bers which are sensitive to magnetic ?elds are 

known in the art and are commonly used as optical current 
transducers (OCF’s) for, e.g., electric power utilities. A 
typical OCI‘ uses a single-mode ?ber formed into a coil 
surrounding the electrical conductor. The polarization of any 
light traversing the ?ber coil shifts, in response to the change 
in any current ?owing through the conductor, as a result of 
the magneto-optic Faraday effect, also referred to as Faraday 
rotation or the Kundt elfect. The Faraday etfect is the manner 
in which the polarization of a beam of linearly polarized 
light rotates when it passes through matter in the direction of 
an applied magnetic ?eld, and is the result of Faraday 
birefringence. Further discussion of ?eld-sensitive optical 
?bers is provided in US. Pat. No. 5,051,577 assigned to 
Minnesota Mining and Manufacturing Co. (3M--assignee 
of the present invention). 
Many prior art references recognize that the response of 

OCI" s may vary considerably due to temperature variations, 
unacceptably so for highly precise OCT’s which may be 
used in environments having widely varying temperature 
ranges, such as —40° to +80° C. Many techniques have been 
devised to minimize the in?uence of temperature changes. 
The most basic technique is to compensate the output based 
on empirical data, i.e., use a thermometer to determine the 
temperature during actual measurements, and allow post 
processing electronics to adjust the output accordingly. A 
more complicated variation of this technique is disclosed in 
US. Pat. No. 5,382,901. A different approach is to minimize 
the temperature dependence by minimizing birefringence of 
the sensing ?ber during its manufacture, such as by anneal 
ing it. Special materials for the sensing ?ber may also be 
used to minimize ?uctuations due to the changing Verdet 
constant, as disclosed in “Temperature Dependence of the 
Verdet Constant in Several Diamagnetic Glasses”, Journal of 
Applied Optics, Vol. 30, No. 10, pp. 1176-1178 (Apr. 1, 
1991). 
Temperature sensitivity may also be caused by bend 

indnced birefringence. This may occur, for example, where 
a single sensing ?ber is arranged in two or more straight 
sections to be placed about the current-carrying conductor, 
with loops of the ?ber formed at the ends of the straight 
sections. Although the straight sections exhibit very little 
change in birefringence as a function of temperature, the 
loops can be extremely sensitive. The sensing head 
described in “Geometrical Separation Between the Birefrin 
gence Components in Faraday-Rotation Fiber-Optic Current 
Sensors,” Optics Letters, Vol. 16, No. 9, pp. 687-689 (May 
1, 1991), minimizes this effect by selecting the radii and 
number of turns of the loops so that the bend-induced 
birefringence is a multiple of 21:. The loops at all corners are 
coplanar. In the depicted sensing head, the single sensing 
?ber has been formed into four straight sections generally 
forming a square about the conductor. While this construc 
tion does reduce bend-induced birefringence, it still remains 
unsuitable for many ?eld applications where temperatures 
are extremes, and it also sulfers from a common disadvan 
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2 
tage of OCT’s, that of installing the sensor on an “endless” 
cable, i.e., an existing cable that cannot be threaded through 
the sensor. Sensor coils, as well as square-shaped sensors, 
may be constructed to allow placement on an endless cable 
by providing a su?icient spacing between the coil loops or 
the sides of the square sensing ?ber, but this increases the 
size of the sensor and can a?°ect its accuracy. 

A similar compensation scheme is described in US. Pat. 
No. 4,615,582, but only 180° turns are employed and 
temperature dependence is not addressed. The 180° turns do 
not permit the formation of a closed loop or path (essential 
to sensing current and not magnetic ?eld) with zero net 
birefringence, but rather are used to sense a magnetic ?eld 
which is unidirectional over the extent of the measurement 
section. Furthermore, the Faraday rotation of the light in the 
straight sections results in imperfect cancellation of the 
birefringence as this scheme also relies on creating a wave 
plate with a speci?c known birefringence (i.e., 180 degrees 
of retardation), which will not be stable with temperature. 
The '582 patent is not directed to a current sensor, but rather 
to a device that induces a speci?c amount of Faraday 
rotation into a light signal. 

Another compensation scheme is shown in “Temperature 
Insensitive Fiber Coil Sensor for Altirneters”, Journal of 
Applied Optics, Vol. 29, No. 7, pp. 975-97 8 (Mar. 1, 1990). 
The article describes the use of a polarization maintaining 
?ber which is broken and then refused. Polarization main 
taining ?ber cannot be used as a current sensor because of 
its inherently high linear birefringence, and additional con 
cerns arise if splicing of ?bers is required during manufac 
ture of the sensor. It would, therefore, be desirable to devise 
a ?ber-optic current sensor having improved temperature 
dependence without the need for annealing or splicing the 
sensor ?ber(s), and which could be fabricated without spe 
cial materials, special optical components, or specially pro 
cessed ?bers. It would be further advantageous if the sensor 
could utilize straight sections of ?ber to minimize bend 
induced bire?ingence, and compensate for bend-induced 
birefringence created at the corners of such straight sections. 

SUIVIMARY OF THE INVENTION 

The present invention provides a ?ber optic subassembly 
for a Faraday-etfect sensor generally comprising an optical 
?ber having ?rst and second ends and an intermediate 
sensing portion, and means for maintaining the sensing 
portion of the optical ?ber in a substantially closed path 
wherein the sensing portion is formed into four straight 
sections generally de?ning a rectangle having four corners, 
at least one of the corners having a turn or bend with an 
e?iective angle of approximately 90°. the turn being con?g 
ured to compensate for bend-induced birefringence. In 
particular, the turn has ?rst and second 90° loops con?gured 
such that retardance accumulated in the ?rst loop is otfset by 
retardance accumulated in the second loop. In one 
embodiment, the ?rst and second loops are each one-quarter 
turn loops, while in another embodiment they are each 
three-quarter turn loops. The ?rst and second loops lie in 
orthogonal planes, with the fast axis of birefringence in the I 
?rst loop being parallel to the slow axis of birefringence in 
the second loop, and the slow axis of birefringence in the 
?rst loop being parallel to the fast axis of birefringence in the 
second loop. If the loops are substantially identical, the 
offsetting of the retardance is effectively complete such that 
the bend exhibits negligible bend-induced birefringence. 
Preferably three of the four corners of the rectangle have 
such a construction, with the optical sensing ?ber being 
supported by a tubular holder. The path formed by the 
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holder, and hence the closed path of the optical sensing ?ber, 
is most preferably a square. A hinge may be provided in the 
tubular holder to allow pivotal movement between two 
adjacent straight sections of the holder, so that the sensor 
subassembly may be placed about an existing current 
carrying conductor. In a further embodiment, the tubular 
member is formed into the substantially closed path de?ning 
two rectangles, one lying inside the other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will best be understood by reference to the 
accompanying drawings, wherein: 

FIG. 1 is a perspective view of a ?ber optic subassembly 
for a Faraday-e?tect sensor, constructed in accordance with 

- the present invention; 

FIG. 2 is a detail view of one corner of the tubular holder 
of FIG. 1, illustrating two loop portions at the bend which lie 
in orthogonal planes; 

FIG. 3 is a side elevational view of an input end of the 
tubular holder of FIG. 1 with another tube surrounding the 
input polarizing ?ber, and a splice protector attached to both 
of the tubes; 
FIG. 4 is another embodiment of a ?ber optic 

subassembly, having two overlapping squares de?ned by the 
tubular holder; 

FIG. 5 is a detail view similar to FIG. 2 but showing a 
bend having three-quarter turn loops; and 

FIGS. 6A and 6B are a top plan view and a side eleva 
tional view, respectively, of a mandrel which can be used to 
support a ?ber with the three-quarter turn loops of FIG. 5. 

DESCRIPTION OF THE PREFERRED 
ENIBODIMENT 

With reference now to the ?gures, and in particular with 
reference to FIG. 1, there is depicted one embodiment 10 of 
a ?ber optic subassembly for a Faraday-effect sensor, con 
structed according to the present invention. Fiber optic 
subassembly 10 is generally comprised of a tubular holder 
12 containing an optical sensing ?ber (not visible in FIG. 1), 
an input ?ber 14 spliced to a ?rst end of the sensing ?ber, 
and an output ?ber 16 spliced to a second end of the sensing 
?ber. Tubular holder 12 is shaped to form a substantially 
closed path, i.e., the path is not completely closed due to the 
need to connect the input and output ends of the sensing ?ber 
to di?erent input and output ?bers. but the path is substan 
tially closed in the sense that it is able to effectively surround 
a current-carrying conductor so the magnetic ?led is sub 
stantially proportional to the current through the sensor per 
Ampere’s Law. Thus the sensor’s response is generally only 
to currents passing through the path or loop de?ned tubular 
holder 12. and the sensor has essentially no net response to 
currents external to the loop. The overall shape of holder 12 
is rectangular. and preferably square, with four straight 
sections 18. 20, 22 and 24. As will become apparent, the 
inventive concept disclosed herein is of maximum advan 
tage if the corners de?ned by tubular holder 12 are right 
angles, but a substantial advantage may still be achieved if 
the corners are not exactly 90°, so it is understood that the 
shape may be generally, and not perfectly, rectangular. 
While square-shaped Faraday sensors are known in the 

art, they exhibit bend-induced birefringence at the bent 
corners of the sensing ?ber, which adversely affect its 
temperature sensitivity. The sensing head described above 
(Optics Letters, May 1, 1991), minimizes this effect by 
making the bend-induced birefringence a multiple of 2n, but 

10 

15 

20 

25 

30 

35 

45 

55 

65 

4 
this does not eliminate the bire?'ingence. In contrast, the 
present invention provides a bend in the sensing ?ber which 
exhibits negligible bend-induced birefringence, by provid 
ing two different loop portions at the bend such that retar 
dance accumulated in the ?rst loop is oifset by retardance 
accumulated in the second loop. This is illustrated in FIG. 2, 
which shows a detail of one corner of tubular holder 12. The 
depicted corner is that where straight sections 20 and 22 
meet, but the same geometry applies (inverted) at the other 
two bent corners of FIG. 1. This corner of holder 12 has two 
loops 26 and 28, with loop 26 stemming from straight 
section 20, and loop 28 stemming from straight section 22. 
The two loops 26 and 28 are joined at a central portion of the 
bend. In this embodiment, the curves associated with each 
loop are circular, as indicated by the dashed lines 30 and 32 
associated with loops 26 and 28, respectively. The respective 
planes de?ned by the two loops (i.e., the planes of the two 
dashed circles) are generally orthogonal. In this manner, the 
fast axis of birefringence in the ?rst loop is parallel to the 
slow axis of birefringence in the second loop (and the slow 
axis of birefringence in the ?rst loop is parallel to the fast 
axis of birefringence in the second loop). The net eifect of 
so combining these two loops at a single bend is to com 
pensate or otfset the bend-induced birefringence. 

This compensation eifect may be advantageous if even the 
net birefringence is not perfectly canceled out; however, by 
providing two loops which are essentially identical, the 
offset of the retardance may be effectively complete such 
that the bend exhibits negligible bend-induced birefringence 
(and the polarization state of the light is not changed from 
linear to elliptical as the light changes direction). The 
bend-induced birefringence is negligible in the sense that 
temperature dependence of the sensor is primarily due to 
linear birefringence. There is no bend-induced birefringence 
in the straight sections 18, 20, 22, 24. While the curvature of 
the loops depicted is that of a circle, other curves (elliptical, 
etc.) are suitable provided both loops at a given bend have 
substantially the same shape. So for the depicted 
embodiment, the radii of each loop should be equal. 

Although only three of the corners in the square formed 
by tubular holder 12 of FIG. 1 are bent in the fashion taught 
herein, the fourth corner could also have such a bend to 
allow, e.g., the output ?ber to exit from the subassembly in 
the same direction as (parallel to) the input ?ber. 

FIG. 3 illustrates one method of attaching the optical 
sensing ?ber 34 to the input ?ber 14. First, sensing ?ber 34 
is secured within tubular holder 12 by a drop of epoxy 36, 
with the terminal end of sensing ?ber 34 only slightly 
extending beyond the end of tubular holder 12. A splice 38 
is formed between sensing ?ber 34 and input ?ber 14, such 
as by fusion splicing. Another tubular piece 40 surrounding 
input ?ber 14 is positioned near splice 38 (input ?ber 14 may 
be inserted in tube 40 prior to making the splice). Tube 40 
has an outer diameter approximately equal to the outer 
diameter of tubular holder 12. Another drop of epoxy 42 
secures input ?ber 14 to tube 40. A splice protector 44, 
having an inner diameter slightly greater than the outer 
diameters of tube 40 and tubular holder 12, is then slid over 
the ends of both tubular holder 12 and tube 40, and secured 
using additional epoxy 46. 
The same method is used to attach output ?ber 16 to the 

other end of sensing ?ber 34. In other words, the sensing 
?ber is preferably longer than the path of the tubular holder, 
with one end of sensing ?ber 34 exiting the ?rst end of 
tubular holder 12, and the other end of sensing ?ber 34 
exiting the second end of tubular holder 14. It is possible, 
however, to have a sensing ?ber which is shorter than the 
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path of the tubular member. For example, the sensing ?ber 
could be spliced to the input ?ber and then inserted further 
into the tubular holder until the other end of the sensing ?ber 
exits the output end of the tubular holder. The output ?ber 
would then be spliced to the sensing ?ber, and the sensing 
?ber re-inserted so that both splices are surrounded by the 
respective terminal portions of the tubular holder, thereby 
eliminating the need for splice protectors 44. 

If splice protectors are used at each end, they may be 
further secured by attaching a reinforcement bar 48 to both 
protectors, as shown in FIG. 1, imparting greater structural 
integrity to tubular holder 12 as well. Reinforcement bar 48 
is attached to central portions of each splice protector, and 
is generally orthogonal to each splice protector. 

In the preferred embodiment, tubular holder 12 is a glass 
(Pyrex) tube having a 1 mm inner diameter and a 3 mm outer 
diameter, splice protectors 44'are glass (Pyrex) with a 3 mm 
inner diameter and a 5 mm outer diameter, and reinforce 
ment bar 48 is glass (Pyrex), 2 mm outer diameter. Using the 
same material for tubular holder 12, splice protectors 44 and 
reinforcement bar 48 further reduces temperature sensitivity 
since all support components have the same coe?icient of 
expansion, preferably close to that of the optical ?bers 
(glass). Tubular holder 12 may be formed into the appro 
priate shape by heating and deforming it against a mandrel 
or mold. A hinge 50 may be formed, e. g., at any one of the 
three corner bends, to allow the subassembly to be placed 
around an existing conductor which cannot be threaded 
through the closed path of tubular holder 12. 
The preferred types of ?bers used with the present inven 

tion are available from 3M Specialty Optical Fibers in West 
Haven, Conn. Input ?ber 14 is a polarizing (PZ) ?ber 
available under part number FS-PZ-46l1/200SA (operating 
wavelength 850 nm). Output ?ber 16 is a polarization 
maintaining (PM) ?ber available under part number FS-PM 
4611/200SA (operating wavelength 820 nm). Sensing ?ber 
34 is a spun, unannealed, single mode ?ber available under 
part number FS-SM4611 (operating wavelength 780 nm), 
with a dual acrylate coating for temperature cycling. This 
coating is the same as that on the PM ?ber, a soft silicone 
inner coat and a harder acrylate outer coat. The inner coat 
has a low T8 that remains gel-like throughout the tempera 
ture range, and hence hoes not squeeze the ?ber which might 
induce birefringence in the straight sections. Also, the ?ber 
is spun between 5 and 40 times per meter (spun beatlength 
of about 25-20 cm, resulting in a ?ber with a straight 
beatlength of about 100+ meters), which reduces the linear 
birefringence in the straight sections of the sensor. The 
output ?ber is spliced to the sensing ?ber in such a way that 
the birefringence axes of the output ?ber are at 45° with 
respect to the plane of polarization of light coming out of the 
sensing ?ber with no current applied. A suitable glue used to 
adhere the ?bers is the UV cured epoxy NOA #72 from 
Norland Products of New Brunswick, NJ. A suitable glue 
for adhering splice protectors 44 to tubes 40, and for 
adhering reinforcement bar 48 to splice protectors 44, is 
available from Electronic Materials of Danbury, Conn., 
under part number XP1060-_930-45-1A. 

Temperature sensitivity of ?ber optic subassembly 10 due 
to bend-induced birefringence is minimized without anneal 
ing the sensing ?ber, a step that would complicate the 
fabrication of the subassembly. For example, annealing 
would require a higher quality glass than Pyrex, and would 
also vaporize the dual acrylate coating on the sensing ?ber. 
Nevertheless, one could certainly use an annealed ?ber for 
sensing ?ber 34, but satisfactory results may be obtained 
with an unannealed ?ber as a result of the net zero birefrin 
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6 
gence at the corners of subassembly 10. Another advantage 
of the birefringence compensation scheme of the present 
invention is that it is wavelength independent. 
The dimensions of subassembly 10 may vary according to 

the size or shape of the conductor which is to be monitored. 
The following approximate dimensions are considered 
exemplary. Tubular holder 12 forms a square having 10 cm 
sides (including the portions of splice protectors 44 which 
form part of the square at one corner). Loops 26 and 28 have 
radii of 2 cm. Optical sensing ?ber 34 is 54 cm long (each 
end of the sensing ?ber protrudes 2 em out of tubular holder 
12). Tubes 40 are 4 cm long, splice protectors 44 are 5 cm 
long, and reinforcement bar 48 is 5 cm long. 

Fiber optic subassembly 10 is intended for use with 
various conventional components of a complete Faraday 
sensor system. While those components are beyond the 
scope of the present invention, the following are typical: a 
light source coupled to input ?ber 14 (such as the laser diode 
optical package available from Point Source Ltd. of 
Winchester, England, under part number LDS-Pz-3-K-780 
0.5-TE; or alternatively a super-luminescent diode manu 
factured by EG&G Optoelectronics of Vaudreuil, Canada); 
and a detector coupled to output ?ber 16 (such as the Si 
photo-detector model number 260 from Graseby Optronics 
of Orlando, Fla). A polarizer or polarizing beam splitter is 
aligned with the axes of PM output ?ber 16. APZ ?ber may 
also be used in place of the PM output ?ber. 

FIG. 4 illustrates an alternative tubular holder 52 for a 
?ber optic subassembly for a Faraday-effect current sensor, 
similar to tubular holder 12, except that mbular holder 52 is 
effectively formed with two squares, one lying just inside the 
other, to increase the sensitivity of the sensor. More than two 
squares may be similarly formed. Multiple hinges can be 
provided in such multiple square sensors to allow the 
subassembly to be placed around an existing conductor. 

In FIGS. 1, 2 and 4, each loop portion 26 and 28 
individually bends a total angle of about 90°, and the loops 
are one-quarter. turn loops (so the term “loop” is not meant 
to require a full winding of 360° or more). Those skilled in 
the art will appreciate that other types of loops are equivalent 
if they also have an effective angle of approximately 90°. 
For example, FIG. 5 depicts a ?ber bend having two circular, 
three-quarter turn loops 54 and 56. These loops also have an 
effective angle of 90°, and are formed in orthogonal planes. 
Of course, larger loops may be formed by simply adding one 
or more full turns to the geometry of either FIG. 2 or FIG. 
5. In other words, two circular loops can have the same 
number of turns T given by the equation T=[(n><2)—1]/4 
where n is an integer value of 1 or more. 

The winding of FIG. 5 may conveniently be made on a 
mandrel or frame 58 as shown in FIGS. 6A and 6B, 
constructed of four members or rods assembled in a square 
fashion with two parallel rods overlying the other two rods. 
Annular grooves may be formed at appropriate locations 
along the rods to guide the sensing ?ber in the geometry of 
FIG. 5. An exemplary frame 58 has rods of 1" (2.54 cm) 
outer diameter each, with about 1" (2.54 cm) of each rod 
extending beyond the corner crossings. 
The present invention may be combined with other tech 

niques for improving accuracy in a Faraday current sensor. 
The method taught in U.S. patent application Ser. No. 
08/539,059 may provide further improvement by selecting a 
preferred sensing axis of the sensing ?ber to compensate for 
changes in the Verdet constant. The present invention may 
also be used to provide two subassemblies for the differential 
current sensor of U.S. patent application Ser. No. 08/561, 
8 10. 
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Although the invention has been described with reference 
to speci?c embodiments, this description is not meant to be 
construed in a limiting sense. Various modi?cations of the 
disclosed embodiment, as well as alternative embodiments 
of the invention, will become apparent to persons skilled in 
the art upon reference to the description of the invention. It 
is therefore contemplated that such modi?cations can be 
made without departing from the spirit or scope of the 
present invention as de?ned in the appended claims. 
We claim: 
1. A ?ber optic subassembly for a Faraday-e?ect sensor, 

the subassembly comprising: 
an optical ?ber having ?rst and second ends and an 

intermediate sensing portion; and 
means for maintaining said sensing portion of said optical 

?ber in a substantially closed path wherein said sensing 
portion is formed into four straight sections generally 
de?ning a rectangle having four corners, at least one of 
said corners having a turn of said sensing portion with 
an etfective angle of approximately 90°, said turn being 
con?gured to compensate for bend-induced birefrin 
gence. 

2. The ?ber optic subassembly of claim 1 wherein three of 
said corners have a bend of said sensing portion with 
effective angles of approximately 90°, each of said bends 
being con?gured to compensate for bend-induced birefrin 
gence. 

3. The ?ber optic subassembly of claim 1 wherein said 
four straight sections further generally de?ne a square. 

4. The ?ber optic subassembly of claim 1 wherein said 
?rst and second ends of said ?ber overlie one another at one 
of said corners. 

5. The ?ber optic subassembly of claim 1 wherein said 
bend includes ?rst and second 90° loops con?gured such 
that retardance accumulated in said ?rst loop is offset by 
retardance accumulated in said second loop. 

6. The ?ber optic subassembly of claim 1 wherein said 
maintaining means includes hinge means allowing pivotal 
movement between two adjacent straight sections of said 
sensing portion of said ?ber. 

7. The ?ber optic subassembly of claim 1 wherein com 
pensation for said bend-induced birefringence is indepen 
dent of the wavelength of light travelling in said‘ optical 
?ber. 

8. The ?ber optic subassembly of claim 5 wherein said 
?rst and second loops are each one-quarter turn loops. 

9. The ?ber optic subassembly of claim 5 wherein said 
?rst and second loops are each three-quarter turn loops. 

10. The ?ber optic subassembly of claim 5 wherein: 
said ?rst and second loops each have fast and slow axes 

of birefringence; 
said fast axis of birefringence in said ?rst loop is parallel 

to said slow axis of birefringence in said second loop; 
and 

said slow axis of bire?ingence in said ?rst loop is parallel 
to said fast axis of birefringence in said second ‘loop. 

11. The ?ber optic subassembly of claim 5 wherein said 
?rst and second loops lie in orthogonal planes. 

12. The ?ber optic subassembly of claim 5 wherein said 
offset of said retardance is effectively complete such that 
said bend exhibits negligible bend-induced birefringence. 

13. A Faraday-effect current sensor comprising: 
a tubular member having ?rst and second ends, forming 

a substantially closed path having four straight sections 
generally de?ning a rectangle with four comers con 
necting said straight sections, at least one of said 
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8 
corners having a turn with an e?’ective angle of 
approximately 90°, said turn including ?rst and second 
90° loop portions, said ?rst and second loop portions 
lying in orthogonal planes and being essentially iden 
tical in shape; and 

an optical sensing ?ber inserted in said tubular member 
such that a ?rst end of said optical ?ber exits said ?rst 
end of said tubular member, and a second end of said 
optical ?ber exits said second end of said tubular 
member. 

14. The Faraday-effect current sensor of claim 13 wherein 
said ?rst and second loop portions are each quarter turn 
loops. 

15. The Faraday-effect current sensor of claim 13 wherein 
said four straight sections further generally de?ne a square. 

16. The Faraday-effect current sensor of claim 13 wherein 
said ?rst and second ends of said ?ber overlie one another 
at one of said corners. 

17. The Faraday-e?ect current sensor of claim 13 wherein 
said tubular member is hinged at one of said corners to allow 
pivotal movement between an adjacent pair of said straight 
sections. 

18. The Faraday-effect current sensor of claim 13 further 
comprising: 

an input polarizing ?ber spliced to said ?rst end of said 
?ber; . 

an output polarization maintaining ?ber spliced to said 
second end of said ?ber; 

a ?rst tube surrounding a portion of said input polarizing 
?ber; 

a second tube surrounding a portion of said output polar 
ization maintaining ?ber; 

a ?rst splice protector surrounding said ?rst end of said 
?ber, said ?rst splice protector having a ?rst end 
attached to said ?rst end of said tubular member and a 
second end attached to said ?rst tube; 

a second splice protector surrounding said second end of 
said ?ber, said second splice protector having a ?rst end 
attached to said second end of said tubular member and 
a second end attached to said second tube; and 

a reinforcing member attached to said ?rst and second 
splice protectors. 

19. The Faraday-e?ect current sensor of claim 13 further 
comprising: 

an input polarizing ?ber spliced to said ?rst end of said 
?ber; 

an output polarizing ?ber spliced to said second end of 
said ?ber; 

a ?rst tube surrounding a portion of said input polarizing 
?ber; 

a second tube surrounding a portion of said output polar 
ization maintaining ?ber; 

a ?rst splice protector surrounding said ?rst end of said 
?ber, said ?rst splice protector having a ?rst end 
attached to said ?rst end of said tubular member and a 
second end attached to said ?rst tube; 

a second splice protector surrounding said second end of 
said ?ber, said second splice protector having a ?rst end 
attached to said second end of said tubular member and 
a second end attached to said second tube; and 

a reinforcing member attached to said ?rst and second 
splice protectors. 

20. A method of manufacturing a Faraday-etfect current 
sensor, comprising the steps of: 
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forming a tubular member having ?rst and second ends 
into a substantially closed path having four straight 
sections generally de?ning a rectangle with four cor 
ners connecting said straight sections, at least one of 
said corners having a turn with an effective angle of 
approximately 90°, said turn including ?rst and second 
90° loop portions, said ?rst and second loop portions 
lying in orthogonal planes and being identical in shape; 

inserting an optical sensing ?ber into said tubular mem 
ber; and 

securing said ?ber in said tubular member such that a ?rst 
end of said optical ?ber exits said ?rst end of said 
tubular member, and a second end of said optical ?ber 
exits said second end of said tubular member. 

21. The method of claim 20 further comprising the steps 
of: 

splicing a polarizing ?ber to said ?rst end of said optical 
?ber; 

placing a ?rst tube about a portion of said polarizing ?ber; 
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attaching a ?rst splice protector to said ?rst end of said 

tubular member and an end of said ?rst tube such that 
said ?rst splice protector surrounds a splice between 
said polarizing ?ber and said ?rst end of said optical 
?ber; 

splicing a polarization maintaining ?ber to said second 
end of said optical ?ber; 

placing a second tube about a portion of said polarization 
maintaining ?ber; and 

attaching a second splice protector to said second end of 
said tubular member and an end of said second tube 
such that said second splice protector surrounds a splice 
between said polarizing ?ber and said second end of 
said optical ?ber. 

22. The method of claim 20 wherein said tubular member 
is formed into said substantially closed path de?ning two 
rectangles, one lying inside the other. 

***** 


